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CLAIMS 

1. A radio communication system comprising: 

a space-division -multiplex compatible mobile station 
compatible with space division multiplex transmission; 
5 a space-division-multiplex uncompatible mobile station 

uncompatible with space division multiplex- transmission; and 

a base station apparatus including 

partial -space orthogonalizing means for making a 
weighting process, for enhancing orthogonality over a 

10 propagation path for the space division multiplex transmission , 
on a transmission data sequence to be sent by space division 
multiplex to the space -division-multiplex compatible mobile 
station allocated for space division multiplex transmission 
within a communication area, 

15 a beeun forming section for forming a transmission beam 

to the space-division-multiplex compatible mobile station and 
the space-division-multiple-access mobile station, responsive 
to a transmission data sequence to the 
space-division-multiple-access mobile station allocated for 

20 space division multiple access within a communication area and 
to an output of the partial-space orthogonizing means, the 
transmission beam being to reduce an interference with another 
mobile station to access simultaneously, and 

a plurality of antennas for transmitting the transmission 

25 beam. 

2 . A radio communication system according to claim 1 , 
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wherein, forming the transmission beam for reducing an 
Interference by the beam forming section of the base station 
apparatus Is to form the transmission beam from the transmission 
data sequence to the allocated space-dlvlslon-multlple-access 
5 mobile station and an output of the partial -space 
orthogonallzlng means In a manner being orthogonal to a channel 
estimation matrix on another mobile station to access 
simultaneously. 

3. A radio communication method comprising: 

10 a step for a base station apparatus to calculate a space 

division multiplex transmission evaluation criterion and 
space-dlvlslon-multlple-access evaluation criterion, on a 
basis of a channel estimation matrix and received quality for 
a space-dlvlslon-multlplex compatible mobile station and 

15 space- division-multiplex uncompatlble mobile station; 

a step for the base station apparatus to allocate the 
space-dlvlslon-multlplex compatible mobile station to space 
division multiplex transmission by the space division multiplex 
transmission evaluation criterion and make a weighting process 

20 for ah enhancement of orthogonality over a propagation path 
for the space division multiplex transmission , on a transmission 
data sequence to be sent by space division multiplex to the 
allocated space-dlvlslon-multlplex compatible mobile station; 
and 

25 a step for the base station apparatus to assign the 

space-dlvlslon-multlplex compatible mobile station and 
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space-dlvlslon-multlplex uncompatible mobile station to space 
division multiple access by the space-division-multiple-access 
evaluation criterion, and form a transmission beam to the 
space-division-multiplex compatible mobile station and 
5 space-division-multiple-access mobile station responsive to 
a transmission data sequence to the allocated 
space-division-multiple-access mobile station and the 
transmission data sequence weighting-processed and to be sent 
by space division multiplex, the transmission beam being to 
10 reduce an interference with another mobile station to access 
simultaneously, thus sending same from the base-station 
antenna . 

4. A radio communication method according to claim 3, 
further comprising 
15 a step for the base station apparatus to send known signals 

on each of antennas provided in a number of N, 

a step for the space -division -multiplex compatible 
mobile station and space- division-multiplex uncompatible 
mobile station to measure, on each of antennas provided in a 
20 total number of M, a channel estimation matrix constituted by 
channel estimation values in a number of N x M by use of a received 
result of the known signals in a number of N, and further to 
measure a received quality, and 

a step for the space-division-multiplex compatible 
25 mobile station and space-division-multiplex uncompatible 
mobile station to send the channel estimation matrix andreceived 
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quality to the base- station apparatus through a communication 
line, 

wherein, forming the transmission beam for reducing an 
Interference by the base station apparatus is to form the 
5 transmission beam from a transmission data sequence to the 
space-dlvlsion-multiple-access mobile station allocated and 
a transmission data sequence weight-processed and to be sent 
by space division multiplex, in a manner being orthogonal to 
a channel estimation matrix on another mobile station to access 
10 simultaneously . 

5 . A radio communication method according to claim 3 , 
wherein the known signal is to be sent by time division multiplex 
on an antenna-by-antenna basis by use of different code sequences 
from base -station antennas in the number of N. 
15 6. A radio communication method according to claim 4, 

wherein the known signal is to be sent by time division multiplex 
on an antenna-by-antenna basis by use of different code sequences 
from base- station antennas in the number of N. 

7 • A radio communication method according to claim 3 , 
20 wherein the known signal is to be sent by code division multiplex 
on an antenna-by-antenna basis by use of different code sequences 
from base -station antennas in the number of N. 

8 . A radio communication method according to claim 4 , 
wherein the known signal is to be sent by code division multiplex 
25 on an antenna-by-antenna basis by use of different code sequences 
from base -station antennas in the number of N. 
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9. A radio communication method according to claim 3, 
wherein the known signal Is to be sent by a combination of time 
division multiplex and code division multiplex on an 
antenna-by- antenna basis by use of different code sequences 
from base -station antennas In the number of N. 

10. A radio communication method according to claim 4, 
wherein the known signal Is to be sent by a combination of time 
division multiplex and code division multiplex on an 
antenna-by-antenna basis by use of different code sequences 
from base -station antennas In the number of N. 

11. A radio communication method comprising: 

a step for a space-dlvlslon-multlplex compatible mobile 
station and space-dlvlslon-multlplex uncompatlble mobile 
station to send known signals to the base -station apparatus 
at each of antennas provided thereon In a total number of M; 

a step for a base station apparatus to receive at each 
of a plurality N of base -station antennas and measure a channel 
estimation matrix constituted by channel estimation values In 
a number of N x M depending upon the known signal, and further 
to measure a received quality; 

a step for the base station apparatus to calculate a space 
division multiplex transmission estimating criterion and 
space-dlvlslon-multlple-access estimating criterion 
depending upon the channel estimation matrix and the received 
quality; 

a step for the base station apparatus to allocate the 
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space-dlvlslon-multlplex compatible mobile station to space 
division multiplex transmission by the space division multiplex 
transmission evaluation criterion and make a weighting process 
for an enhancement of orthogonality, over a propagation path 
5 for the space division multiplex transmission, on a transmission 
data sequence to be sent by space division multiplex to the 
allocated space-dl vision-multiplex compatible mobile station; 
and 

a step for the base station apparatus to allocate the 

10 space-dlvlslon-multlplex compatible mobile station and 
space-dlvlslon-multlplex uncompatlble mobile station to space 
division multiple access by the space-dlvlslon-multlple-access 
evaluation criterion, and form a transmission beam to the 
space-dlvlslon-multlplex compatible mobile station and 

15 space -dlvlslon-multlple-access mobile station responsive to 
a transmission data sequence to the allocated 
space-dlvlslon-multlple-access mobile station and the 
transmission data sequence weighting -processed and to be sent 
by space division multiplex, the transmission beam being to 

20 reduce an Interference with another mobile station to access 
simultaneously, thus transmitting the transmission beam from 
the base-station antenna. 

12. A radio communication method according to claim 11, 
wherein, forming the transmission beeun for reducing an 

25 Interference by the base station Is to form the transmission 
beam from a transmission data sequence to the allocated 
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space-dlvlslon-multlple-access mobile station and a 
transmission data sequence weight -processed and to be sent by 
space division multiplex. In a manner being orthogonal to a 
channel estimation matrix on another mobile station to access 
5 simultaneously. 

13. A radio communication method according to claim 3, 
wherein the received quality uses any o£ 
r ece Ived - s Ignal - power -to- noise- power rat lo , 
received- signal-power- to- Interference-power ratio and 

10 received power. 

14. A radio communication method according to claim 11, 
wherein the received quality uses any of 
recelved-slgnal-power-to-nolse-power ratio , 
received- signal-power- to- Interference-power ratio and 

15 received power. 

15. A radio communication method according to claim 3, 
wherein the received quality uses 
received- signal -power- to -noise -power ratio, and any one of 
mobile station moving speed and fading frequency estimation 

20 value. 

16. A radio communication method according to claim 11, 
wherein the received quality uses 
recelved-slgnal-power-to-nolse-power ratio, and any one of 
mobile station moving speed and fading frequency estimation 

25 value. 

17. A radio communication method according to claim 3, 
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wherein the step of calculating a space division multiplex 
transmission estimating criterion comprises 

a step of selecting a space-dlvlslon-multlplex 
compatible mobile station satisfying a predetermined received 
5 quality, and 

a step of deciding a space division multiplex transmission 
count depending upon a space correlation coefficient of between 
channel estimation values In a number of N obtained between 
different antennas on the space-dlvlslon-multlplex compatible 
10 mobile station of eunong selected ones of the 
space-dlvlslon-multlplex compatible mobile stations. 

18. A radio communication method according to claim 11, 
wherein the step of calculating a space division multiplex 
transmission estimating criterion comprises 

15 a step of selecting a space-dlvlslon-multlplex 

compatible mobile station satisfying a predetermined received 
quality , and 

a step of deciding a space division multiplex transmission 
count depending upon a space correlation coefficient of between 
20 channel estimation values In a niunber of N obtained between 
different antennas on the space-dlvlslon-multlplex compatible 
mobile station of eunong selected ones of the 
space-dlvlslon-multlplex compatible mobile stations. 

19. A radio communication method according to claim 3, 
25 wherein the base station apparatus embeds previously a known 

signal In a data sequence to be sent on a transmission beam 
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to the space-dlvlsion-multlplex compatible mobile station or 
the space-dlvlslon-multlplex uncompatlble mobile station that 
Is space-dlvlslon-multlple accessed, 

and the space-dlvlslon-multlplex compatible mobile 
5 station space-dlvlslon-multlple accessed calculates a channel 
estimation value depending upon the known signal and makes 
demultlplex-recelvlng of a signal sent by space division 
multiplex depending upon the channel estimation value. 

20. A radio communication method according to claim 4, 

10 wherein the base station apparatus embeds previously a known 
signal In a data sequence to be sent on a transmission beeun 
to the space-dlvlslon-multlplex compatible mobile station or 
the space-dlvlslon-multlplex uncompatlble mobile station that 
Is space -division-multiple accessed, 

15 and the space-dlvlslon-multlplex compatible mobile 

station space-dlvlslon-multlple accessed calculates a channel 
estimation value depending upon the known signal and makes 
demultlplex-recelvlng of a signal sent by space division 
multiplex depending upon the channel estimation value. 

20 21. A radio communication method according to claim 3, 

wherein the step of calculating a 

space- division -multiple -access evaluation criterion 

comprises 

a step of allocating the mobile station, with priority, 
25 by predetermined scheduling means, 

a step of selecting a space-dlvlslon-multlplex 
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compatible mobile station or space-dlvlslon-multlplex 
uncompatlble mobile station satisfying a predetermined 
received quality from the others than the mobile station 
allocated with priority, and 
5 a step of selecting a mobile station having an antenna 

minimal In a space correlation coefficient to a channel 
estimation matrix obtained at an antenna of the mobile station 
allocated with priority from among selected ones of the 
space-dlvlslon-multlplex compatible mobile stations or 
10 space-dlvlslon-multlplex uncompatlble mobile stations. 

22. A radio communication method according to claim 11, 
wherein the step of calculating a 

space -dlvlslon-multlple-access evaluation criterion 

comprises 

15 a step of allocating the mobile station, with priority, 

by predetermined scheduling means, 

a step of selecting a space-dlvlslon-multlplex 

compatible mobile station or space-dlvlslon-multlplex 

uncompatlble mobile station satisfying a predetermined 
20 received quality from the others than the mobile station 

allocated with priority, and 

a step of selecting a mobile station having an antenna 

minimal In a space correlation coefficient to a channel 

estimation matrix obtained at an antenna of the mobile station 
25 allocated with priority from among selected ones of the 

space-dlvlslon-multlplex compatible mobile stations or 
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space-dlvlslon-multlplex uncompatlble mobile stations. 

23. A radio communication method according to claim 3, 
wherein the transmission beam for space division multiple access 
or space division multiplex transmission Is placed under power 

5 control Into a predetermined communication quality. 

24. A radio communication method according to claim 11, 
wherein the transmission besun for space division multiple access 
or space division multiplex transmission Is placed under power 
control Into a predetermined communication quality. 

10 25. A radio communication method according to claim 23, 

wherein power control Is made to set a communication quality 
of from the base station apparatus to the 
space-dlvlslon-multlplex uncompatlble mobile station higher 
than a communication quality of from the base station apparatus 

15 to the space-dlvlslon-multlplex compatible mobile station. 

26. A radio communication method according to claim 24, 
wherein power control Is made to set a communication quality 
of from the base station apparatus to the 
space-dlvlslon-multlplex uncompatlble mobile station higher 

20 than a communication quality of from the base station apparatus 
to the space-dlvlslon-multlplex compatible mobile station. 

27. A radio communication method according to claim 3, 
wherein the space- dlvlslon-multlple-access evaluation 
criterion Is to give priority to a multiple access of between 

25 the space-dlvlslon-multlplex uncompatlble mobile stations In 
the case that call loss Is greater than a predetermined value. 
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28. A radio coiranunlcatlon method according to claim 11, 
wherein the space - dlvls Ion -mult Iple - acces s evaluat Ion 
criterion Is to give priority to a multiple access of between 
the space-dlvlslon-multlplex uncompatlble mobile stations In 

5 the case that call loss Is greater than a predetermined value. 

29. A base station apparatus comprising: 

a partial- space orthogonallzlng means for making a 
weighting process, for enhancing orthogonality over a 
propagation path for the space division multiplex transmission , 

10 on a transmission data sequence to be sent by space division 
multiplex to the space-dlvlslon-multlplex compatible mobile 
station allocated for space division multiplex transmission 
within a communication area; 

a beam forming section for forming a transmission beam 

15 to the mobile station responsive to a transmission data sequence 
to the space-dlvlslon-multlple-access mobile station allocated 
for space division multiple access within a communication area 
and an output of the partial- space orthogonlzlng means, the 
transmission becun to the mobile station being to reduce an 

20 Interference with another mobile station to access 
simultaneously; and 

a plurality of antennas for transmitting the transmission 

besun. 

30 • Abase station apparatus according to claim 29 , wherein 
25 forming the transmission beam for reducing an Interference by 
the becun forming section Is to form the transmission beemi from 
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the transmission data sequence to the allocated 
space-divlslon-multlple-access mobile station and the output 
of the partial- space orthogonlzlng means. In a manner being 
orthogonal to a channel estimation matrix on another mobile 
5 station to access simultaneously* 

31. Abase station apparatus according to claim 29, wherein. 
In a case that the space-dl vision-multiplex compatible mobile 
station and the space -division -multiplex uncompatlble mobile 
station are allocated for space division multiple access at 

10 a same time, the beam forming section makes, for the 
space-division-multiplex uncompatlble mobile station, a 
maximiim ratio synthetic beam as a transmission beam to the 
space-dlvision-multlplex uncompatlble mobile station and, for 
the space-dlvlsion-multiplex compatible mobile station, a 

15 transmission beam as a beam for reducing an Interference with 
another of the space-dlvlsion-multiplex uncompatlble mobile 
station and space-dlvlsion-multiplex compatible mobile station 
to access simultaneously. 

32 . Abase station apparatus according to claim 30 , wherein , 

20 in a case that the space-dlvlsion-multiplex compatible mobile 
station and the space-dlvlsion-multiplex uncompatlble mobile 
station are allocated for space division multiple access at 
a same time, the beam forming section makes, for the 
space-dlvlsion-multiplex uncompatlble mobile station, a 

25 maximum ratio synthetic beam as a transmission beeun to the 
space-dlvlsion-multiplex uncompatlble mobile station and, for 
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the space-dlvlslon-multlplex compatible mobile station, a 
transmission beam as a beam for reducing an Interference with 
another of the space-dlvlslon-multlplex uncompatlble mobile 
station and space- division-multiplex compatible mobile station 
5 to access simultaneously* 

33 . Abase station apparatus according to claim 29 , wherein , 
forming the transmission beam for reducing an Interference by 
the beam forming section Is to form the transmission beeun 
orthogonal to a channel estimation matrix on another of the 
10 space-dlvlslon-multlplex uncompatlble mobile station and 
space-dlvlslon-multlplex compatible mobile station to access 
simultaneously • 

34 . Abase station apparatus according to claim 29 , further 
comprising space -time coding means for making a space -time 
15 coding process on a transmission data sequence to the 
space-dlvlslon-multlplex compatible mobile station, 

the transmission data sequence space-time -coded being 
outputted to the partial-space orthogonlzlng means. 

35. Abase station apparatus according to claim 30, further 
20 comprising space -tlmecodlng means for making a space -time 
coding process on a transmission data sequence to the 
space-dlvlslon-multlplex compatible mobile station, 

the transmission data sequence space-time -coded being 
outputted to the partial-space orthogonlzlng means. 
25 36 . Abase station apparatus according to claim 29 , further 

comprising a deciding section for allocating the 
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space-dlvlslon-multlple-access mobile station and the 
space-dlvlslon-multlplex mobile station by use of a 
predetermined space division multiplex transmission evaluation 
criterion and space- division-multiple- access evaluation 
5 criterion . 

37 . Abase station apparatus accordlng-to claim 30 , further 
comprising a deciding section for allocating the 
space-dlvlslon-multlple-access mobile station and the 
space -division -multiplex mobile station by use of a 

1 0 predetermined space - dlvls Ion -mult Iplex t ransmls slon 
evaluation criterion and space-dlvlslon-multlple-access 
evaluation criterion. 

38. Abase station apparatus according to claim 33, further 
comprising a deciding section for allocating the 

15 space-dlvlslon-multlple-access mobile station and the 
space-dlvlslon-multlplex mobile station by use of a 
predetermined space - dlvls Ion -mult Iplex t ransmls s Ion 

evaluation criterion and space-dlvlslon-multlple-access 
evaluation criterion. 

20 39 . Abase station apparatus according to claim 36 , wherein 

the space division multiplex transmission evaluation criterion 
and the space-dlvlslon-multlple-access evaluation criterion 
are to be calculated depending upon a channel estimation value 
and received quality received from the mobile station of within 

25 the communication area. 

40 . Abase station apparatus according to claim 37 , wherein 
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the space division multiplex transmission evaluation criterion 
and the space-division-multiple-access evaluation criterion 
are to be calculated depending upon a channel estimation value 
and received quality received from the mobile station of within 
5 the communication area. 

41 . Abase station apparatus according to claim 38 , wherein 
the space division multiplex transmission evaluation criterion 
and the space-division-multiple-access evaluation criterion 
are to be calculated depending upon a channel estimation value 

10 and received quality received from the mobile station of within 
the communication area. 

42 . Abase station apparatus according to claim 29 , wherein , 
in a case that the space-division-multiple-access mobile 
stations include a space-division-multiplex compatible mobile 

15 station and a space -division-multiplex uncompatible mobile 
station, a transmission beam to the space-division-multiplex 
uncompatible mobile station is formed by use of a 
complex-conjugate-transposition of a channel estimation matrix 
on the space-division-multiplex uncompatible mobile station, 

20 and a transmission beam to the space-division-multiplex 
compatible mobile station is formed in a manner being orthogonal 
to a channel estimation matrix on another 
space-division-multiple-access mobile stations to access 
simultaneously . 

25 43. A base station apparatus according to claim 30, wherein, 

in a case that the space-division-multiple-access mobile 
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Stations Include a space-dlvlslon-multlplex compatible mobile 
station and a space-dlvlslon-multlplex uncompatlble mobile 
station, a transmission beam to the space-dlvlslon-multlplex 
uncompatlble mobile station Is formed by use of a 
5 complex-conjugate- transposition of a channel estimation matrix 
on the space-dl vision-multiplex uncompatlble mobile station, 
and a transmission beeun to the space-dlvlslon-multlplex 
compatible mobile station Is formed In a manner being orthogonal 
to a channel estimation matrix on another 
10 space-dlvlslon-multlple-access mobile stations to access 
simultaneously . 



